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PROBLEM TO BE SOLVED: To provide bearing parts 
which have high crack resistance and dimensional 
stability, and have an elongated rolling service life, and 
to provide a roll bearing. 

SOLUTION: The roll bearing 10 has an inner ring 2, an 
outer ring 1 and a plurality of rolling elements 3. At least 
one member selected from the inner ring, outer ring and 
rolling elements has a carbo-nitrided layer, and the grain 
size number of the old austenite crystal grains of the 
member lies in the range of No.>10. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Anti-friction bearing which any one member has a carbonitriding layer at least among said 
inner ring of spiral wound gasket, an outer ring of spiral wound gasket, and a rolling element, and is in 
the range in which the grain-size number of the austenite crystal grain of the member exceeds No. 10 in 
anti-friction bearing which has an inner ring of spiral wound gasket, an outer ring of spiral wound 
gasket, and two or more rolling elements. 

[Claim 2] Bearing parts which are the bearing parts built into anti-friction bearing, have a carbonitriding 
processing layer, and are in the range in which the grain-size number of austenite crystal grain exceeds 
No. 10. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About the bearing parts and anti-friction bearing which are used for a reducer, a 
drive pinion, the bearing for transmission, etc., the rolling fatigue property of this invention is long 
lasting, and it relates to the bearing parts and anti-friction bearing which have advanced crack-proof 
reinforcement and a secular-proof dimensional change. 
[0002] 

[Description of the Prior Art] As the heat treatment approach of giving a longevity life to rolling fatigue 
of bearing parts, ammonia gas is further added in the ambient atmosphere RX gas at the time of 
hardening heating, and there is a method of performing carbonitriding processing to the surface section 
of the bearing parts (for example, JP,8-4774,A, JP,1 1-101247,A). By using this carbonitriding approach, 
the surface section can be stiffened, retained austenite can be made to be able to generate all over a 
microstructure, and a rolling fatigue life can be raised. 
[0003] 

[Problem(s) to be Solved by the Invention] However, since the above-mentioned carbonitriding art is a 
diffusion process which diffuses carbon and nitrogen, it is necessary to hold it to a long duration 
elevated temperature. For this reason, it is difficult for an organization to do making it big and rough 
etc., and to aim at improvement in crack-proof reinforcement. Moreover, increase of the rate of a secular 
dimensional change by the increment in retained austenite also poses a problem. 
[0004] In order to secure a longevity life to rolling fatigue, to raise crack reinforcement on the other 
hand and to prevent increase of the rate of a secular dimensional change, it is possible to cope with it by 
adjusting a presentation by the alloy designing of steel. However, according to alloy designing, troubles, 
like raw-material cost becomes high occur. 

[0005] It is required that future bearing parts should be equipped with the property which is big loading 
condition and can be used more at an elevated temperature rather than before with the formation of the 
Takani pile of an operating environment and elevated-temperature-izing. For this reason, with high 
intensity, a rolling fatigue property is long lasting and the bearing parts which have advanced crack- 
proof reinforcement and dimensional stability are needed. 

[0006] This invention has advanced crack-proof reinforcement and dimensional stability, and aims at 

offering bearing parts and anti-friction bearing excellent in the rolling fatigue life. 

[0007] 

[Means for Solving the Problem] Anti-friction bearing of this invention is anti-friction bearing which 
has an inner ring of spiral wound gasket, an outer ring of spiral wound gasket, and two or more rolling 
elements. In this anti-friction bearing, any one member has a carbonitriding layer at least among an inner 
ring of spiral wound gasket, an outer ring of spiral wound gasket, and a rolling element, and it is in the 
grain-size number of the austenite crystal grain of that member exceeding No. 10. 
[0008] A rolling fatigue life is sharply improvable that austenite particle size is detailed. Less than in 
No. 10, since a rolling fatigue life does not improve greatly, the grain-size number of austenite particle 
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size considers as the range exceeding No. 10. Usually, they may be more than No. 11. Although 
austenite particle size is so desirable that it is fine, it is difficult to usually obtain the grain-size number 
exceeding No. 13. In addition, the austenite grain of the above-mentioned bearing parts does not change 
in the surface section greatly influenced of carbonitriding processing, or the interior inside it, either. 
Therefore, let the locations set as the object of the range of the above-mentioned grain size number 
number be the surface section and the interior. 

[0009] The members of the inner ring of spiral wound gasket in the above-mentioned anti-friction 
bearing, an outer ring of spiral wound gasket, or two or more rolling elements are bearing parts built into 
anti-friction bearing. When the grain-size number of the austenite grain of the bearing parts is in the 
above-mentioned range, a rolling fatigue life improves. 
[0010] 

[Embodiment of the Invention] Next, the gestalt of operation of this invention is explained using a 
drawing. Drawing 1 is the outline sectional view showing anti-friction bearing in the gestalt of operation 
of this invention. In drawing 1 , this anti-friction bearing 10 mainly has the outer ring of spiral wound 
gasket 1, the inner ring of spiral wound gasket 2, and the rolling element 3. Although the drawing 
expresses radial bearing, a ball bearing, circular-cone roller bearing, roller bearing, and needle roller 
bearing are similarly set as the object of the gestalt of operation of this invention. The rolling element 3 
is supported possible [ rolling ] by the cage arranged between an outer ring of spiral wound gasket 1 and 
an inner ring of spiral wound gasket 2. 

[001 1] Next, heat treatment including the carbonitriding processing performed to the outer ring of spiral 
wound gasket of these anti-friction bearings, an inner ring of spiral wound gasket, and at least one 
bearing parts of a rolling element is explained. Drawing 2 is drawing explaining the heat treatment 
approach in the gestalt of operation of this invention. Moreover, drawing 3 is drawing explaining the 
modification of the heat treatment approach in the gestalt of operation of this invention. Drawing 2 is a 
heat treatment pattern in which how to perform primary hardening and secondary hardening is shown, 
and drawing 3 is a heat treatment pattern in which it is in the middle of hardening, an ingredient is 
cooled under to Al transformation-point temperature, it reheats after that, and hardening ****** is 
finally shown. Both are the examples of a mode of operation of this invention. In these drawings, by 
processing Tl, after making the base of steel diffuse carbon and nitrogen and fully performing 
carbonaceous penetration again, it cools less than [ Al transformation point ]. Next, in the processing T2 
in drawing, rather than processing Tl, it reheats at low temperature and oil-quenching is performed from 
there. 

[0012] Carbonitriding a surface part rather than it continues at hardening, i.e., carbonitriding processing, 
and usually hardens the above-mentioned heat treatment once as it is, crack reinforcement can be raised 
and the rate of a secular dimensional change can be decreased. As mentioned above, according to the 
above-mentioned heat treatment approach, the microstructure which becomes 1/2 or less [ conventional ] 
about the particle size of austenite crystal grain can be obtained. The bearing parts which received the 
above-mentioned heat treatment have a long lasting rolling fatigue property, crack reinforcement can be 
raised, and the rate of a secular dimensional change can also be decreased. 

[0013] Drawing 4 is drawing showing the microstructure, especially austenite grain of bearing parts. 
Drawing 4 (a) is the bearing parts of the example of this invention, and drawing 4 (b) is the conventional 
bearing parts. That is, the austenite grain size of the bearing steel which applied the heat treatment 
pattern shown in above-mentioned drawing 2 is shown in drawing 4 (a). Moreover, the austenite grain 
size of the bearing steel by the conventional heat treatment approach is shown in drawing 4 (b) for a 
comparison. Moreover, drawing 5 (a) and drawing 5 (b) are drawings showing the austenite grain 
boundary illustrating above-mentioned drawing 4 (a) and drawing 4 (b). From the organization which 
shows these austenite grain sizes, the conventional austenite particle size is No. 10 by the grain-size 
number of JIS, and according to the heat treatment approach by this invention, it can obtain the fine 
grain of No. 12. Moreover, the mean particle diameter of drawing 4 (a) was 5.6 micrometers as a result 
of measuring with microtomy. 
[0014] 
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[Example] Next, the example of this invention is explained. 

[0015] (Example 1) The example 1 of this invention was performed using JIS SUJ2 material (1.0 % of 
the weight C-0.25 % of the weight Si-0.4 % of the weight Mn-1.5 % of the weight Cr). The manufacture 
hysteresis of each sample shown in Table 1 is shown below. 
[0016] 
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[0017] : (Sample A-D; example of this invention) For [ 850 degrees-C / of carbonitriding processings /, 
and holding-time ] 150 minutes. The ambient atmosphere was made into the mixed gas of RX gas and 
ammonia gas. In the heat treatment pattern shown in drawing 2 , primary hardening was performed from 
the carbonitriding processing temperature of 850 degrees C, it heated at 780 degrees C - 830 degrees C 
of temperature regions lower subsequently than carbonitriding processing temperature, and secondary 
hardening was performed. However, since hardening was insufficient, the sample A with a secondary 
hardening temperature of 780 degrees C was removed from the experimental object. 
: (Samples E and F; example of a comparison) Carbonitriding processing was performed for the same 
hysteresis as example A-D of this invention, and secondary hardening temperature was performed at 850 
degrees C - 870 degrees C with a carburization nitrification temperature of 850 degrees C or more. 
: (Conventional carbonitriding processing article; example of a comparison) For [ 850 degrees-C / of 
carbonitriding processings /, and holding-time ] 150 minutes. The ambient atmosphere was made into 
the mixed gas of RX gas and ammonia gas. It hardened as it is from carbonitriding processing 
temperature, and secondary hardening was not performed. 

: (Usually hardening article; example of a comparison) Without performing carbonitriding processing, it 
heats at 850 degrees C and burned. Secondary hardening was not performed. 

[0018] Each trial of measurement of measurement of the amount of (1) hydrogen, measurement of (2) 
grain size numbers, (3) Charpy impact tests, and (4) breaking-stress value and (5) rolling fatigue test ** 
was performed to the above-mentioned sample. Next, these test methods are explained. 
[0019] I The amount of measurement hydrogen of the amount of test-method (1) hydrogen of an 
example 1 analyzed the amount of nondiffusible hydrogen in steel by the DH-103 mold hydrogen 
analysis apparatus made from LECO. The amount of diffusible hydrogen is not measured. The 
specification of this DH-103 mold hydrogen analysis apparatus made from LECO is shown below. 
[0020] analysis range: - 0.01-50.00 ppm analysis precision: - **0.1 ppm or **3%H (either - size - the 
way) 

analysis sensibility: - 0.01 ppm detection method: - thermal conductivity method sample weight size: - 
- lOmg - 35g (max: diameter [ of 12mm ] x die length of 100mm) 

heating furnace temperature requirement: - 50 degrees C - 1 100 degree-C reagent: ~ Anh Hy Delon Mg 
(C104)2 Ascarite NaOH carrier gas: - nitrogen gas, GASUDOJINGUGASU:hydrogen gas, and any gas 
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are 99.99% or more of purity, and pressure 40PSI (2.8 kgf/cm2). 

[0021] The outline of a measurement procedure is as follows. The sample extracted with the sampler of 
dedication is inserted in the above-mentioned hydrogen analysis apparatus the whole sampler. Internal 
diffusible hydrogen is led to a thermal conductivity detector by nitrogen carrier gas. This diffusibility 
nature hydrogen is not measured by this example. Next, a sample is heated within a drawing resistance 
heating furnace from a sampler, and nondiffusible hydrogen is led to a thermal conductivity detector 
with nitrogen carrier gas. The amount of nondiffusible hydrogen can be known by measuring thermal 
conductivity in a thermal conductivity detector. 

(2) Measurement of the measurement grain size number of a grain size number was performed based on 
the austenite grain size test method of the steel of JIS G 0551 . 

(3) The Charpy impact test Charpy impact test was performed based on the Charpy impact test approach 
of the metallic material of JIS Z 2242. U notch test piece (JIS No. 3 test piece) shown in JIS Z 2202 was 
used for the test piece. 

(4) Measurement drawing 6 of a breaking stress value is drawing showing the test piece 0 fa****** 
strength test (measurement of a breaking stress value). A load until it carries out the load of the load in 
the direction of P in drawing and it breaks is measured. Then, it converts into a stress value by the stress 
formula of a deflection beam showing the acquired breaking load below. In addition, a test piece is not 
restricted to the test piece shown in drawing 6 , but may use the test piece of other configurations. 
[0022] If textile stress [ in / for the textile stress in the convex front face of the test piece of drawing 6 / 
sigmal and a concaved surface ] is set to sigma2, sigmal and sigma2 will be calculated by the following 
formula (strength-of-materials A4 -40 edited by mechanical-engineering handbook A4). Here, a cross 
sectional area and el express a circumradius, and, as for e2, the axial tension of the cross section where 
N includes the shaft of a test piece in a circle, and A express an inradius. Moreover, kappa is the section 
modulus of a deflection beam. 

[0023] sigmal=(N/A)+{M/(Arhoo)} [l+el/{kappa(rhoo+el)}] 
sigma2=(N/A)+{M/(Arhoo)} [1 -e2/{kappa(rhoo-e2)}] 

The test condition of a kappa=-(l/A) integralA{eta/(rho o+eta)} dA(5) rolling fatigue test and a rolling 
fatigue life trial is shown in Table 2. Moreover, drawing 7 is the schematic diagram of a rolling fatigue 
life testing machine. Drawing 7 (a) is a front view and drawing 7 (b) is a side elevation. In drawing 7 (a) 
and (b), the rolling fatigue life test piece 21 is driven with a drive roll 1 1, contacts a ball 13 and is 
rotated. It is the ball of "(3/4), a ball 13 is guided to a guidance roll, and it rolls, doing high planar 
pressure mutually between the rolling fatigue life test pieces 21 . 

[0024] II Test result of an example 1(1) The conventional [ having carried out the amount 
carbonitriding processing of hydrogen ] carbonitriding processing article serves as 0.72 ppm and a very 
high value. Since the ammonia (NH3) contained in the ambient atmosphere of carbonitriding processing 
decomposed and hydrogen invaded into steel, this is considered. On the other hand, in sample B-D, the 
amount of hydrogen is decreasing even to about 0.37-0.40 ppm and one half. This amount of hydrogen 
is the usually same level as a hardening article. 

[0025] Embrittlement of the steel resulting from dissolution of hydrogen is mitigable with reduction of 
the above-mentioned amount of hydrogen. That is, the Charpy impact value of sample B-D of the 
example of this invention improves greatly by reduction of the amount of hydrogen. 

(2) When a grain size number grain size number has secondary hardening temperature lower than the 
temperature of hardening at the time of carbonitriding processing (primary hardening), in sample B-D, 
the austenite grain is notably made detailed with the grain size number numbers 11-12. Samples E and F 
and conventionally, the austenite grain of a carbonitriding processing article and a common hardening 
article is the grain size number number 10, and is big and rough crystal grain from sample B-D of the 
example of this invention. 

(3) As for the Charpy impact value of sample B-D of the example of this invention, according to the 
Charpy impact test table 1, as compared with the Charpy impact value of a carbonitriding processing 
article being 5.33 J/cm2 conventionally, as high 6.30-6.65J/cm a value as 2 is acquired. Also in this, the 
one where secondary hardening temperature is lower shows the inclination for Charpy impact value to 
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become high. The Charpy impact value of a hardening article is usually as high as 6.70 J/cm2. 

(4) The measurement above-mentioned breaking stress value of a breaking stress value is equivalent to 
crack-proof reinforcement. According to Table 1, the carbonitriding processing article serves as a 
breaking stress value of 2330MPa(s) conventionally. As compared with this, the value with which the 
breaking stress value of sample B-D has improved with 2650-2840MPa is acquired. The breaking stress 
values of a hardening article are 2770MPa(s), and are usually equivalent to the breaking stress value of 
sample B-F. It is presumed that the crack-proof reinforcement by which such sample B-D was improved 
is located in a line with detailed-ization of austenite crystal grain, and its effectiveness by reduction of 
hydrogen content is large. 

(5) According to the rolling fatigue test table 1, the rolling fatigue life L10 is usually the lowest 
reflecting a hardening article not having a carbonitriding layer in the surface section. As compared with 
this, the rolling fatigue life of a carbonitriding processing article becomes 3.1 times conventionally. The 
rolling fatigue life of sample B-D improves conventionally more sharply than a carbonitriding 
processing article. The samples E and F of this invention are almost equivalent to a carbonitriding 
processing article conventionally. 

[0026] If the above is summarized, hydrogen content falls, an austenite grain size will be made detailed 
by more than No. 11, and, as for sample B-D of the example of this invention, Charpy impact value, 
crack-proof reinforcement, and a rolling fatigue life will also be improved. 
[0027] (Example 2) An example 2 is explained below. A series of trials were performed about A 
material, following B material, and following C material. It was presupposed using JIS SUJ2 material 
(1.0 % of the weight C-0.25 % of the weight Si-0.4 % of the weight Mn-1 .5 % of the weight Cr) that it is 
common to A material - C material at the material for heat treatment. The manufacture hysteresis of A 
material - C material is as follows. 

: (A material: Example of a comparison) Only hardening is usually (carbonitriding processing is not 
carried out). 

: (B material: Example of a comparison) It burns as it is after carbonitriding processing (the 
conventional carbonitriding hardening). For [ carbonitriding processing temperature / of 845 degrees C /, 
and holding-time ] 150 minutes. The ambient atmosphere of carbonitriding processing was made into 
RX gas + ammonia gas. 

: (C material: Example of this invention) Bearing steel which gave the heat treatment pattern of drawing 
2 . For [ carbonitriding processing temperature / of 845 degrees C /, and holding-time ] 150 minutes. The 
ambient atmosphere of carbonitriding processing was made into RX gas + ammonia gas. The last 
hardening temperature was made into 800 degrees C. 

[0028] (1) The test condition and testing device of a rolling fatigue life rolling fatigue life trial are as 
being shown in Table 2 and drawing 7 , as mentioned above. This rolling fatigue life test result is shown 
in Table 3. 
[0029] 
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[0030] 
[Table 3] 
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[0031] According to Table 3, B material of the example of a comparison shows 3.1 times of L10 life 
(life which one piece damages among ten test pieces) of A material which similarly only usually 
hardened in the example of a comparison, and the effectiveness of the reinforcement by carbonitriding 
processing is accepted. On the other hand, C material of the example of this invention shows the 1 .74 
times of B material, and 5.4 times as many longevity life as A material. It is thought that the main factor 
of this amelioration is based on detailed-ization of a microstructure. 

[0032] (2) The Charpy impact test Charpy impact test was performed by the approach according to 
above-mentioned JISZ2242 using U notch test piece. A test result is shown in Table 4. 
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[0034] Although the Charpy impact value of B material (example of a comparison) which performed 
carbonitriding processing was not usually higher than A material (example of a comparison) of 
hardening, the value with C material equivalent to A material was acquired. 

[0035] (3) Trial drawing 8 of a static fracture toughness value is drawing showing the test piece of a 
static fracture toughness test. After introducing a crack into the notch section of this test piece about 
1mm beforehand, the static load by three-point bending was added to it, and it was asked for the 
breaking load P. The (I) type shown below was used for calculation of a fracture toughness value (KIc 
value). Moreover, a test result is shown in Table 5. 

KIc= (PLroota/BW2) {5.8-9.2(a/W)+43.6(a/W) 2-75.3(a/W) 3+77.5(a/W) 4} - (I) 
[0036] 
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[0037] Since it came beforehand and the crack depth became larger than the carbonitriding layer depth, 
there is no difference in A material and B material of the example of a comparison. However, C material 
of the example of this invention was able to obtain one about 1 .2 times the value of this to the example 
of a comparison. 

[0038] (4) ****** strength test (measurement of a breaking stress value) 

The thing of the configuration shown in drawing 6 as mentioned above was used for the piece of a 
****** strength test. The load was added in the direction of P among drawing, and the ****** strength 
test was performed. A test result is shown in Table 6. 
[0039] 
[Table 6] 
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[0040] B material which is performing carbonitriding processing is a value usually a little lower than A 
material of hardening. However, ****** reinforcement of C material of this invention improves rather 
than B material, and A material and the level which is not inferiority are obtained. 
[0041] (5) The measurement result of the rate retention temperature of a secular dimensional change of 
130 degrees C and the rate of a secular dimensional change in holding-time 500 hours is combined with 
surface hardness and the amount of retained austenites (0.1mm depth), and is shown in Table 7. 



[0042] 
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[0043] Compared with the rate of a dimensional change of B material with many amounts of retained 
austenites, it turns out that C material of the example of this invention is controlled by 1/2 or less. 
[0044] (6) The rolling fatigue life under the foreign matter mixing lubrication which carried out 
specified quantity mixing of the standard foreign matter was evaluated using the life test ball bearing 
6206 under foreign matter mixing lubrication. A test condition is shown in Table 8, and a test result is 
shown in Table 9. 
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[0046] 
Table 9] 
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[0047] Compared with A material, B material which performed the conventional carbonitriding 
processing increased about 2.5 times, and, as for C material of the example of this invention, the about 
2.3 times as many longevity life as this was obtained. Although C material of the example of this 
invention has little retained austenite compared with B material of the example of a comparison, the 
almost equivalent longevity life is obtained under invasion of nitrogen, and the effect of a microstructure 
made detailed. 
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[0048] The above-mentioned result'showed that the bearing parts manufactured by C material of the 
example of this invention, i.e., the heat treatment approach of this invention, could be satisfied with the 
conventional carbonitriding processing of three items of reduction of the reinforcement of the difficult 
rolling fatigue life, improvement in crack reinforcement, and the rate of a secular dimensional change at 
coincidence. 

[0049] It should be thought that the gestalt of the operation indicated this time is [ no ] instantiation at 
points, and restrictive. The range of this invention is shown by the above-mentioned not explanation but 
claim, and it is meant that all modification in a claim, equal semantics, and within the limits is included. 
[0050] 

[Effect of the Invention] Since austenite particle size of bearing parts is made detailed more than to No. 
1 1 by the grain-size number and hydrogen content is also reduced after forming a carbonitriding 
processing layer by using the bearing parts and anti-friction bearing of this invention, a rolling fatigue 
life is improved greatly and the outstanding crack-proof reinforcement and the outstanding secular-proof 
dimensional change can be obtained. 



[Translation done.] 
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